Objectives: Hypoxia Preconditioning (HP) in the brain is a well-known endogenous protective paradigm in which pre-exposure to sub-lethal hypoxia can protect the brain from injury due to lethal hypoxia or ischemia occurring 24 to 72 h later. 1 Though HP has been studied extensively, its mechanisms are still not understood. Since de novo gene transcription and protein expression are required for the hypoxia preconditioning, we have extended previous studies by performing whole genome expression profiling of individual brain regions of adult mice and carefully following the entire time course of hypoxia preconditioning. Methods: Adult C57BL/6 male mice (8 to 9 weeks old) were exposed to systemic hypoxia (8% O2) for 3 h and allowed to recover in normoxia for 24 h. Animals were sacrificed and the brains were removed and dissected into individual brain regions at multiple time points during the 3 h hypoxia and subsequent 24 h of reoxygenation. Total RNA was purified and gene expression assessed with Affymetrix Mouse Expression 430 2.0 arrays. One-Way ANOVA with false discovery rate correction for multiple comparisons was used to identify differentially regulated genes. The differentially regulated genes were then subjected to a variety of bioinformatics analyses including functional annotation, pathway and promoter sequence analyses. Result: Among the brain regions examined, cerebellum demonstrated the largest numbers of gene expression changes following hypoxia precondition-ing. The greatest numbers of regulated genes in cerebellum were observed immediately after the 3 h of hypoxia and 1 h after reoxygenation. In contrast to the forebrain, where down regulation of gene expression predominated over up-regulation events during this time period, cerebellum exhibited a predominant up-regulation of genes following HP. Compared to hippocampus, substantially more genes involved in cell survival regulation were up-regulated in cerebellum during this time period. Besides hypoxia inducible factor (HIF), various nuclear receptor transcription factors were found to play important roles in regulating the unique gene expression response cerebellum after HP. Most notably, a novel group of genes regulated by transcription factor hepatic nuclear factor 4A (HNF4A) have been identified as being hypoxia responsive genes in cerebellum. Conclusions: HP induces both time-dependent and region-dependent gene expression responses. The substantial number of unique genes regulated in cerebellum may be critical not only for the survival of the organism during systemic hypoxia, but also for the maturation of neuroprotection effect of HP. Region-specific transcription factors, including HNF4A, likely contribute to region specific genomic responses to hypoxia preconditioning. Reference 1. Gidday JM. Cerebral preconditioning and ischaemic tolerance. Nat Rev Neurosci 2006;7:437-48.
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This work was supported by National Institutes of Health grants P50 NS014543, RO1 NS025372, RO1 NS036147, and RO1 NS038653. Objectives: Hypoxia-induced Factor (HIF) regulates the cellular response against decreasing oxygen concentrations by activating genes involved in ATP production by glycolysis, among other mechanisms. HIF is a transcription factor that consists of an oxygen-regulated subunit (HIFalpha) and a constitutively expressed one (HIFbeta). HIFalpha expression is low under normoxia owing to proteasomal degradation. This is due to oxygen-dependent hydroxylation of certain proline residues in HIFalpha catalysed by prolylhydroxylases (PHD). Hypoxia inhibits degradation causing accumulation of HIFalpha. 1 Despite the regulation of HIFalpha expression and its transcriptional activity under hypoxia have been the subject of intense study, the putative contribution of glucose has not been examined so thoroughly.
Effects of glucose availability on HIF1alpha function in SH-SY5Y cells subjected to hypoxia-reoxygenation
Methods: SH-SY5Y (SH) cells were incubated in anoxic conditions for 15 h and either in the presence or absence of glucose. Cells were then allowed to reoxygenate and incubated for variable periods prior to preparing cell extracts. 2 These were analysed for the expression of HIF-1alpha and some of its target genes by Western blotting or ELISA. HIF transcriptional activity was measured by transient transfection with a luciferase reporter vector. Functionality of the proteasome was monitored by using SH clones engineered to express a ubiquitin-EGFP fusion protein that is constitutively targeted for proteasomal degradation. 3 Results: The expression of HIF-1 target genes (GLUT-1, HKII and VEGF) and the transcriptional activity of HIF after a period of 15 h of anoxia were higher in the presence of glucose in the culture medium. These results were paralleled by differences in the expression of HIF-1alpha. HIF-1alpha was immediately degraded at reoxygenation following incubation of the cells in anoxia and in the presence of glucose. Surprisingly, the HIF-1alpha expressed under conditions of oxygen and glucose deprivation (OGD) remained stable after reoxygenation of the cells. The analysis of the proteasome activity under both conditions revealed no overt differences. However, we observed a specific change in the apparent molecular weight of HIF-1alpha at the end of the 15 h OGD incubation. Whether this is related to the stabilisation is currently under study, together with the possible contribution of metabolites intervening in the PHD reaction. 4 Conclusions: The presence of glucose during anoxia enhances the induction of HIF-1alpha as well as of HIF-1 responsive genes, while OGD conditions are less favourable for the activation of HIF-1 in SH cells. Moreover, our data suggest the existence of some mechanism under OGD conditions that either affects the degradation of HIF-1alpha or renders it resistant to degradation triggered by oxygen.
